Introduction
The latest edition of Global Burden of Disease (GBD) published by World Health Organization (WHO) in 2010 restates that air pollution is one of the principal risk factors impacting human health (Lim et al., 2012) . In addition to directly cauisng respiratory problems,the resultant chronic bronchitis and emphysema are positively associated with lung cancer demelopment (Katanoda et al., 2011; Denholm et al., 2014) .
In recent years, with the rapid development of Chinese economic level, air pollution problems have become increasingly sharp. In domestic, hazy weather occurs frequently in multiple provinces, especially the large-scale one in winter of Northern area in 2013, which may lead to serious healthy damages, thus receiving increasingly more social attentions. In January 2014, a large-scale hazy weather lasted for days and covered 17 provinces, cities and regions, affecting about 6 billion populations.
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To explore the influence of different-degree air pollution (hazy weather) and different pollutants on respiratory diseases, the surveillance data of air pollution obtained from January to October 2014 and case records of visiting patients in the 263 th Hospital of Chinese PLA in corresponding period were systematically collected, hoping to provide theoretical basis for the prevention, diagnosis and treatment of respiratory diseases in similar air quality and weather condition.
Materials and Methods
General data
Surveillance data of air pollution: The data, which were obtained from China National Environmental Monitor Center, were consisted of air target days and the quality concentration of 6 pollutants in air quality index (AQI) of GB 3095-2012 Ambient Air Quality Standard (AAQS), including PM 2.5 , PM 10 , SO 2 , NO 2 , CO and O 3 .
Data of outpatients: The data, which were taken from the Department of Respiratory in the 263 th Hospital of Chinese PLA, were collected from patients with respiratory diseases such as chronic obstructive pulmonary disease (COPD), upper respiratory tract infection, pneumonia and asthma, etc. Patients with ≥2 above descriptions in inclusion criteria were classified by their primary diagnosis so as to avoid repeated statistical analysis.
Methods
Surveillance data of air pollution obtained from January 1 th to October 31 th 2014 and case records of patients diagnosed with respiratory diseases who were treated in the 263 th Hospital of Chinese PLA in corresponding period were collected. The monthly total number of visiting patients was recorded and the number of outpatients with each primary respiratory disease (such as bronchitis, bronchial asthma, upper respiratory tract infection, COPD and pneumonia) for initial diagnosis in Department of Respiratory was calculated. According to the air quality data published by local Department of Environmental Protection in the corresponding period, the monthly and percentile concentration values of 6 pollutants were calculated. Then, the AQI value was calculated by integrating the above data. Database including the data of hazy weather, number of visiting patients and the number of patients with each respiratory disease was established to analyze the relationship between AQI and the number of patients with 5 primary respiratory diseases, and the influencing degree of different pollutants on distinct respiratory diseases.
Evaluation criteria
AQI calculation, which referred to GB 3095-2012 Ambient Air Quality Standard, including the monthly average concentrations of SO 2 , NO 2 , PM 10 and PM 2.5 , the 95 th percentile of daily CO average concentration and the 90 th percentile of daily O 3 maximum 8-h concentration. The higher the AQI, the severer the pollution condition of hazy weather.
Statistical data analysis
SPSS 18.0 statistical software was applied. The single index Ii (Ii=Ci/Si, Ci referred to the monthly average or percentile concentration value of each pollutant while Si as the secondary standard of annual average value of pollutant i) of each pollutant and the comprehensive AQI (AQI=∑Ii) of above 6 pollutants were calculated. Multiple linear regression analysis was conducted for the relevance between AQI value and the concentration of each pollutant, the total visiting patient number and the single number of patients with 5 respiratory diseases so as to calculate the correlation coefficient, with significant level α=0.05.
Results
Meteorological data of hazy weather
During January 1th to October 31 th 2014, AQI value was the lowest in June with slight hazy weather because the monthly days with standard air quality were 15, whereas it was the highest in February with severe hazy weather in that the monthly days with standard air quality were 9 (Table 1) .
Relevance analysis of AQI and each pollutant concentration parameter
There was certain association between the 6 pollutant indexes and AQI values (α=0.01), in which PM10, CO, SO 2 and NO 2 were in positive association with AQI, with correlation coefficients being 0.888, 0.874, 0.816 and 0.814, respectively. The correlation coefficient of PM2.5 (r=0.975) was the highest and in positive connection, indicating that the higher the PM 2.5 , the severer the hazy weather pollution, whereas O3 was in negative relationship with AQI (r=-0.794). Figure 1 is showing the trend chart of each pollutant concentration parameter and AQI.
Relevance analysis of hazy weather and respiratory diseases
During observation period, the number of visiting patients increased gradually along with the increase Figure 2 is showing the relationship between AQI value and the total number of visiting patients due to respiratory diseases and number of patients with primary respiratory diseases.
There was significant relevance between the 6 air pollutants and the total number of visiting patients and the number of patients with principal respiratory diseases, in which PM 2.5 and SO 2 had the closest association with each disease, whereas PM 10 and CO were positively related with bronchial asthma, upper respiratory tract infection, COPD and pneumonia (p<0.01), but had no connection with bronchitis. However, O 3 was in negative correlation with COPD and pneumonia (Table 2) .
Discussion
Difference analysis of PM 2.5 concentrations on the number of visiting patients in Department of Respiratory PM 2.5 is defined as the particulate matter (PM) with diameter ≤2.5 μm in air. It was found that the shorter the diameter of PM, the larger the corresponding amount concentration and the total area, which would absorb more harmful substances into human body and bring about more harms to human health (Meng et al., 2013) . PM 2.5 , as is marked by tiny diameter, strong toxicity, longer retaining duration, remote transportation distance and no filtering resistance due to the physical construction, can enter into human body along with respiration and go deep into pulmonary alveolus for deposition, which then can disturb the gas exchange and blood circulation, thus leading to respiratory diseases.
About 90% of global populations are in long-term exposure of PM 2.5 above the upper limit of World Health Organization (WHO) Air Quality Standard (Brauer et al., 2012) , which issue is more sharp in Asian countries where the PM 2.5 concentration is much more higher than many other countries and regions (McClellan et al., 2012) . In East-Asian area, one of the most contaminative places across the world, PM 2.5 is the fourth cause of early deaths (Brook et al., 2010) . A survey in Taiwan showed that the daily number of COPD outpatients was in obvious association with PM 2.5 concentration (Wang et al., 2013) . In addition, another research indicated that the increase of PM 2.5 concentration was closely correlated with the increase of patients with bronchitis (Guo et al., 2014) . Annesi-Maesano (Annesi-Maesano et al., 2007) found that the morbidity of asthma and bronchitis induced by exercises was apparently connected with PM 2.5 concentration, which was evidently higher in high-concentration region than that in low-concentration region. Present study on the relevance between PM 2.5 concentration and adult asthma is rare, but there are some researches revealed that the closer the distance from PM 2.5 pollution sources, the higher the morbidity of asthma and more serious the aggravated asthma symptoms (Oyana et al., 2005) . Kantanoda performed a cohort study of 63520 patients from 6 continents and 6 regions of Japan and demonstrated that the increase of morbidity of respiratory diseases, especially pneumonia, was in significant association with the long-term exposure of air PM (Katanoda et al., 2011) . This work also suggested that PM 2.5 concentration was associated with the monthly number of visiting patients with bronchial asthma, bronchitis, upper respiratory tract disease, COPD and pneumonia, which was consistent with the research results at home and abroad.
With the growing development of recent studies, the mechanism of respiratory diseases induced by PM in environment can be summarized as follows: Theory of transcription factors and inflammation-associated cytokine activation: PM 2.5 exposure may stimulate the increasing release of inflammatory factors in human body to trigger inflammatory damage. Studies revealed that PM 2.5 exposure was in concentration-and time-dependent association with the inflammatory damage (Lippmann et al., 2005; Rouse et al., 2008) . The present researches pointed out that PM 2.5 could increase the release of inflammatory factors through following mechanisms: i) PM could up-regulate the production of inflammatory and pro-inflammatory factors after entering into human body, such as tumor necrosis factor-α (TNF-α), interleukin-1 
Figure 2. Trend Chart of AQI and Number of Patients with Respiratory diseases
(IL-1), IL-6 and L3 ; ii) Phagocytes could consume oxygen in the process of swallowing PM, which could induce the release of inflammatory factors following by the production of free radicals in the outside of cells; iii) The inflammatory factors could directly lead to the inflammatory responses in local lung tissues, bringing about alveolar epithelial damage; i) Damaged and disintegrated phagocytes could release oxygen free radicals, protease and inflammatory factors and activate the inflammatory response, in which the acute inflammation in lung could further promote the release of inflammatory factors (Ruckerl et al., 2014) . In short, PM 2.5 exposure can induce excessive and enduring inflammatory responses and the over-release of inflammatory mediators, which can cause disordered micro-environment and decreased repair ability of local lung tissues, thus giving rise to the damage of lung tissues. Theory of free radical oxidative damage: PM 2.5 may bring about the increase of reactive oxygen species (ROS) in human body, with the potential routines including: i) The polycyclic aromatic hydrocarbon organic substances and metals in PM 2.5 . can produce oxygen free radicals;
ii) The function of phagocytes in swallowing PM can consume large amount of oxygen, thus triggering abundant oxygen free radicals; iii) The damage and disintegration of phagocytes can also release abundant oxygen free radicals. This theory believes that the oxidative stress is one of the important mechanisms of deoxyribose nucleic acid (DNA) damage induced by PM (Kaur et al., 2013; Rizzo et al., 2014; Traversi et al., 2014) .
Theory of macrophage injury: Lung phagocytes are distributed widely on the surfaces of bronchial alveoli, which can form a barrier against the external environment so as to reach its aim of protecting human body via swallowing the inhalable PM and pathogenic microorganisms. Meanwhile, they are one of the critical factors in maintaining the aseptic environment in lung because they can participate in the immunoregulatory process through playing the antigen presenting effect so as to activate the innate immunity. Lundborg et al (Lundborg et al., 2006) discovered that with the increase of carbon black PM dosage, the swallowing and adsorbing abilities of phagocytes decreased markedly in human body, indicating that PM could decrease the protective function of phagocytes by reducing their swallowing ability.
Difference analysis of SO 2 concentrations on the number of visiting patients in Department of Respiratory SO 2 , as one of the important air pollutants, is correlated with the gas emissions of motor vehicles. As a watersoluble stimulating gas, SO 2 can be dissolved into the watery mucus of upper respiratory tract and bronchial mucous, which then is turned into sulfite or bisulfate and absorbed into blood. Then, it will rapidly spread to the whole body, stimulate the smooth muscle of respiratory tract, contract trachea and bronchus and increase the airway resistance and secretions. People who are exposed in high-concentration SO 2 will have symptoms of wheeze and short breath, etc.
Epidemiological survey discovered that SO 2 had high relevance with infantile asthma (Jassal, 2014) . SO 2 can induce acute aggravation of chronic lung diseases, which is more significant in patients with COPD. A study report pointed out that the hospitalization rate of COPD patients with acute aggravation could decrease 6% with the SO 2 concentration decreased every 50 ug/m 3 (Wagner et al., 2006) . A research on the relationship between the air pollution and hospital treatment rate in Brisbane of Australia suggested that patients with respiratory decreased 8% with the SO 2 concentration increased every 1 unit (Petroeschevsky et al., 2001) . This study also found that SO 2 concentration was in close association with the number of hospitalized patients with bronchial asthma, bronchitis, upper respiratory tract infection, COPD and pneumonia, and the higher the SO 2 concentration, the larger the daily number of visiting patients, which was consistent with the results of studies at home and abroad.
An important pathogenesis of SO 2 aggravating respiratory disease is the imbalance of oxidative stress and anti-oxidant response. Some pollutants, through the functions of ultraviolet, heat and water in air, may have photochemical reactions to produce oxidation products. For example, O 3 and oxygenated compounds, through redox responses, can induce reactive oxidation products with activity and the oxidation products can aggravate the chronic inflammatory responses of trachea, leading to the aggravation of respiratory diseases (Bargagli et al., 2009) .
In conclusion, the attack of respiratory diseases is in close connection with hazy weather. Therefore, the medical workers, especially the specialists in Department of Respiratory, should clearly recognize not only AQI values but also the weather changes so as to take appropriate measures for the diagnosis and treatment after predicating the symptoms, diagnosis and treatment of outpatients with respiratory diseases. In the United States, recognized standards (Laumbach et al., 2010) advocate that physicians should reduce the exposures and complications of patients in air pollution according to the daily AQI information, and guidance should be especially given to the infantile and elderly patients as well as those with bronchial asthma and chronic bronchitis. The physicians and patients could log in relevant websites to check the standard air quality parameter if they want to make out whether the local weather is standard or not so as to take corresponding measures. In China, the local air quality index can also be obtained from the website of Department of Environmental Protection, but hardly any people or physician is aware of checking the relevant information to help himself/herself or guide the patients, which should be improved and studied by all medical workers in Department of Respiratory.
